Background: Accumulated evidence has indicated the associations between single-nucleotide polymorphisms (SNPs) in microRNAs (miRNAs) and the susceptibility to diabetes mellitus (DM), but the conclusions remain controversial. This study was to investigate the true contribution of miRNA SNPs to the risk of DM by using a meta-analysis of all the published studies.
Introduction
Diabetes mellitus (DM), characterized by progressive hyperglycemia due to insulin resistance or insulin deficiency, has been a common metabolic disorder worldwide. It was estimated that 366 million people suffered from DM in 2013, and this number will rise to 592 million by 2035. [1] Patients with DM are at higher risk of developing various microvascular complications (such as nephropathy, [2] retinopathy, [3] neuropathy, [4] diabetic foot, [5] hypertension, dyslipidemia, [6] and atherosclerosis [7] ) which lead to the disability and even death of patients. Thus, prediction of the population at a higher risk of DM is essential in order to reduce the incidence of DM and its related complications.
Although DM is a multifactorial disease, accumulating evidence has shown genetics, especially the single nucleotide polymorphism (SNP), is a strong contributor. [8] MicroRNAs (miRNAs) are a group of short, non-coding RNAs of approximately 25 nucleotides in length, which involve in various physiological and pathophysiological processes (such as inflammation, insulin secretion) by negatively controlling the expression of target genes via complementarily binding to their 3'untranslated region (3'-UTR). [9, 10] Thus, SNPs in miRNAs that change the expressions and functions of miRNAs may be underlying biomarkers for the prediction of DM risk. This hypothesis has been reported previously. miR-146a was found to be downregulated in DM patients [11] and model rats [12] compared with normal controls. The relative expression level of miR-146a was significantly lower in diabetic patients with the rs2910164 CC genotypes than that in GG carriers. [13] Therefore, miR-146a CC genotype may increase the risk of developing type 2 DM (T2DM), which has been validated in the study of Li et al [14] and Alipoor et al [15] . However, the controversial results were also observed recently. For example, Wang et al found that there was no association between the individuals carrying the variant genotype of the miR-146a and DM risk. [16] Assmann et al identified CC and GC genotypes were associated with protection against DM. [17] Furthermore, there was also no consensus on the association between other miRNA polymorphisms (such as rs895819 of hsa-miR-27a, [18, 19] rs531564 in hsa-miR-124a [16, 19] ) and susceptibility to DM. This discrepancy may be partially attributed to small sample size and ethnicity of the patients.
The goal of our present study was to conduct a meta-analysis to combine all the available studies and to investigate the true contribution of all the studied miRNA-SNPs to the risk of DM, which, to our knowledge, has not been reported.
Materials and methods

Publication search
This meta-analysis was conducted using the Preferred Reporting Items for Systematic Review and Meta-analysis (PRISMA). All results were collected from published studies; thus, ethical approval and patient consent were waived.
The PubMed and the Cochrane Library databases were searched by two independent authors to obtain relevant studies published before October, 2018. The used search terms included: ["diabetes" OR diabetic OR T2DM AND ("microRNA" OR "miRNA" OR "miR") AND ("polymorphism" OR "polymorphisms" OR "SNP" OR "mutation" OR "variant")]. Citations of retrieved articles were also manually searched to identify additional literatures.
The quality of all case-control studies was assessed using a ninepoint scoring system of the Newcastle-Ottawa Scale (NOS) [20] by 2 independent authors. A study with a score of ≥ 5 stars was defined as high quality. If discrepancies existed, consensus would be finally reached on discussion.
Statistical analysis
The crude OR with 95%CI was used to estimate the strength of the association between miRNA polymorphisms and the risk of DM. The significance of pooled ORs was determined using the Z test and P value < .05 was considered to be significant. Metaanalysis was performed using a fixed-effect model if no heterogeneity was present among studies (P value > .10 for the Q test and I 2 < 50% for I 2 statistic); otherwise, a random-effect model was employed. If there was contradiction for P value and I 2 to define the heterogeneity, the Q test result was dependent. The subgroup analysis was also performed to investigate the source of heterogeneity according to ethnicity, DM type, sample size, genotyping method and source of controls. Publication bias was assessed using the Egger linear regression test. If obvious publication bias was detected (P value < .05), trim and fill method was used to adjust for the effect of publication bias. [21] Sensitivity analysis was performed by eliminating studies one by one to evaluate the stability of the results. All these statistical tests were performed using STATA software (version 13.0; STATA Corporation, College Station, TX).
Results
Study characteristics
A total of 797 studies were yielded after preliminary database search. Based on the inclusion and exclusion criteria ( Fig. 1 ), 6 studies containing 2773 cases and 2632 controls were finally included in this meta-analysis. [14] [15] [16] [17] [18] [19] As shown in Table 1 , the eligible studies were published between 2010 and 2018. Most of the included studies (5/6, 83.3%) investigated the association with T2DM. Four studies were conducted in Asians populations (2 in China and 2 in Iran), and the other 2 were performed for European (Italy) and Latin America (Brazil) populations, respectively. Three papers were population-based case-control studies, while the other three were a hospital-based case-control study. Genotyping methods included polymerase chain reactionrestriction fragment length polymorphism (PCR-RFLP) in two, TaqMan in 2 and sequencing in two studies. Of the 6 studies, 5 evaluated the association between the association of miR-146a polymorphism (rs2910164) with DM risk, four explored pre-miR-27a (rs895819), 3 analyzed miR-124a (rs531564) and 2 focused on miR-375 (rs6715345), miR-128a (rs11888095) and miR-194a (rs3820455) ( Table 2 ). The genotype frequencies of the controls in all studies conformed to HWE. All the studies scored equal or more than 5 on the NOS, which indicated they were of high quality (Table 1 ).
miR-146a polymorphism and the risk of DM
Overall analysis showed there was no significant association between miR-146a rs2910164 polymorphism and the risk of DM under five genetic models (Table 3 ). Due to the presence of significant heterogeneity in the overall analysis, subgroup Table 2 Genotype distributions of miRNA polymorphisms.
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miR-27a polymorphism and the risk of DM
No significant correlation was also found in the overall analyses of the association between miR-27a rs895819 polymorphism and the risk of DM under five genetic models (Table 3 ). However, the stratified analysis results revealed CC genotype was significantly associated with a decreased risk of DM in the Asian population (OR = 0.80, 95%CI = 0.51-1.27, P = .015) compared with the TT genotype ( Table 5 ; Fig. 3 ). 
miR-124a polymorphism and the risk of DM
The overall analysis showed that patients carrying with CC genotype of miR-124 rs531564 had a lower probability to develop DM (CC vs CG, OR = 0.67, 95% CI = 0.47-0.96, P = .028; CG + GG vs CC, OR = 1.55, 95% CI = 1.09-2.19; P = .014) ( Table 3 ; Fig. 4 ). No obvious heterogeneity between the studies was found in overall analysis and the number of studies was smaller. Thus, the subgroup analysis was not performed.
miR-375, miR-128a, miR-194a polymorphisms and the risk of DM
No significant associations were observed between miR-375 rs6715345/miR-128a rs11888095 polymorphisms and DM susceptibility ( Table 3) .
There was a marginal correlation between miR-194a rs3820455 polymorphism and the susceptibility to DM, with TT genotype as a protective factor compared with TC (TT vs TC, OR = 0.87, 95% CI = 0.60-1.01, P = .060) and TC + CC (TC + CC vs TT, OR = 1.26, 95% CI = 0.98-1.63, P = .074) ( Table 3) . Subgroup analysis was also not performed because only 2 studies were included for them.
Publication bias and sensitivity analysis
Egger linear regression test showed the intercept did not pass through the origin (that is, asymmetry) in association analysis of miR-146a rs2910164 (G v C, P = .017; GG vs GC, P = .015; GG + GC vs CC, P = .006) and miR-27a rs895819 (CC vs CT, P = .034; CT + TT vs CC, P = .006), indicating the presence of publication bias (Fig. 5A ). Subsequently, trim and fill method was used to further adjust for the publication bias. The results showed the association remained not changed after adjusting for publication bias, implying our results were statistically robust ( Fig. 5B ). No evidence of publication bias was detected for others polymorphisms (data not shown). Sensitivity analysis also showed no obvious change in the pooled results after omitting each individual study, suggesting the results were unstable (Fig. 6 ).
Discussion
In the present study, an association between 6 SNPs in miRNAs and DM risk was, for the first time, assessed by the pooled results from 6 case-control studies. The results demonstrated that G allele or GG genotype of miR-146a rs2910164 was associated with a significantly increased risk for DM compared with C allele or GC/CC genotype in Latin American population; CC genotype of miR-27a rs895819 polymorphism was associated with a significantly decreased risk for DM in Asian population compared with the TT genotype; patients carrying with CC genotype of miR-124 rs531564 had a lower probability to develop DM regardless of ethnicity; no associations were identified between polymorphisms in miR-375, miR-128a, miR-194a and the susceptibility to DM.
Previous studies have demonstrated that inflammation and oxidative stress are important mechanisms for the development of DM. [12, 22] Xie et al observed the expression of miR-146a was significantly downregulated in DM model rats and its expression was negatively correlated with the expression of inflammatory mediators (COX-2, TNF-a, IL-1b) and oxidative stress indicators (MDA and p22phox). [12] Subsequent in vitro and in vivo transgenic studies proved overexpression of miR-146a inhibited diabetes-induced generation of reactive oxygen species and upregulation of NF-kB downstream pro-inflammatory genes, [23, 24] followed by improving neurological, [25] renal or retinal functional defects. [24, 26] Luciferase reporter assay indicated miR-146a may regulate the endothelial inflammation via targeted inhibition of interleukin-1 receptor-associated kinase-1 and tumor necrosis factor -associated factor 6. [9, 27] These findings imply SNPs that cause the lower expression of the miR-146a and higher expression of its target genes may contribute to increased DM risk. There had a study to reveal colorectal cancer cells with miR-146a GG genotype possessed significantly lower expression of miR-146a compared with those with the GC/CC genotype. [28] The study of Wang et al showed that chronic pancreatitis individuals carrying the G allele conferred a lower expression level of mature miR-146a. [29] Pan et al observed the G allele of rs2910164 was significantly associated with increased abundance of TRAF6. [30] Hereby, patients with GG genotype of miR-146a rs2910164 may have a higher risk for the development of DM, which was confirmed in Latin American population of our study.
High glucose was also reported to stimulate miR-27a expression which, in turn, suppressed peroxisome proliferatoractivated receptor g and then activated b-catenin signaling as evidenced by upregulation of b-catenin target genes, snail1 and a-smooth muscle actin (a-SMA) and downregulation of podocyte-specific markers podocin and synaptopodin. These changes caused disrupted podocyte architectural integrity and increased podocyte apoptosis, ultimately deteriorating diabetic nephropathy. [31, 32] Furthermore, miR-27a was also revealed to be up-regulated in embryos and cultured neural stem cells exposed to diabetes, which subsequently down-regulated nuclear factor erythroid 2-related factor 2 and nuclear factor erythroid 2related factor 2-controlled antioxidant enzymes and led to diabetic embryopathy. [33] Therefore, SNPs that cause the higher expression of the miR-27a may be potential risk factor for DM. Song et al observed the expression level of total pri-and pre-miR27a was significantly higher in rs895819 CT and TT groups compared with CC group, [34] indicating CC genotype may be a protective factor for DM, which was confirmed in Asian population of our study. miRNA microarray and real-time PCR analysis demonstrated level of miR-124 was significantly increased during the progress of diabetic retinopathy. [35] Administration of antisense RNA oligonucleotide for miR-124 for 2 weeks significantly reduced urinary podocytic nephrin, podocin and albumin excretion and up-regulated integrin a3 expression, thus achieving the treatment goal for idiabetic retinopathy. [36] Curcumin was also reported to prevent against podocytic adhesive capacity damage under mechanical stress by inhibiting miR-124. [37] It was also reported the serum miR-124 was significantly upregulated in the distal tibia metaphyseal fracture patients with GG genotype of rs531564 than those with GC and CC genotypes. [38] Accordingly, rs531564 CC variant in miR-124 might prevent the genetic predisposition of DM by inhibiting the production of miR-124. In line with these findings, we also proved patients carrying with CC genotype of miR-124 rs531564 had a lower probability to develop DM regardless of ethnicity.
Although no controversial conclusions were reported in the studies on miR-375, miR-128a, miR-194a, our study seemed to further indicate the necessity of meta-analysis because the association of miR-194a rs3820455 seemed to be of marginal significance (P < .1) when two studies were combined, not P > .1 as described in individual studies. [14, 19] Some limitations in this meta-analysis should be acknowledged. First, the sample size was relatively small, which may be an underlying cause to result in negative associations between SNPs in miRNAs (miR-375, miR-128a, miR-194a) and DM risk. Second, our pooled outcomes were based on the initial data and were not adjusted by environmental factors due to lack of related information. Third, only published studies in English or Chinese were enrolled in this analysis, and a potential language bias may exist.
Conclusion
Our study suggests that miR-146a/miR-27a and miR-124 polymorphisms may be ethnicity-dependent or -independent susceptibility factors to DM, respectively.
